Introduction
The striated penile muscles of rodents are presumed to have a role in the male's sexual activity. This assumption lacks direct evidence, but derives from at least three kinds of indirect evidence: (1) the anatomy of the muscles relative to the penis suggests a role in penile actions (Plate 1); (2) the homologous muscles of several other mammalian species have been implicated in penile erection and ejaculation (Hart & Kitchell, 1966; Hart, 1972; Beckett, Hudson, Walker, Vachon & Reynolds, 1972; Beckett, Hudson, Walker, Reynolds & Vachon, 1973; Beckett, Walker, Hudson, Reynolds & Vachon, 1974; Beckett, Purohit & Reynolds, 1975; Purohit & Beckett, 1976) ; and (3) rat genital muscles (Wainman & Shipounoff, 1941; The nomenclature of the perineal muscles of rodents is nearly as uncertain as their function, due in part to unresolved issues of homology and ontogeny (Hayes, 1965; Cihák et al, 1967 Cihák et al, , 1970 . However, these issues do not bear upon the concerns of this paper, and I have adopted the conventional terminology (Greene, 1935) : m. ischiocavernosus, m. bulbocavernosus (= m. bulbospongiosus), and m. levator ani (= m. bulbocavernosus dorsalis (Hayes, 1965) 
sphincter ani externus (Hebel & Stromberg, 1976) Behavioural tests. For the ex copula penile reflex tests, males were placed in the supine position with head and anterior torso enclosed in a loosely fitting plastic cylinder (Hart, 1968; Sachs & Garinello, 1978) . Additional restraint was provided by a strap wound around the rat's midsection and anchored to the board below. The rat's hindlegs were manually held throughout the test, which was begun by retracting the penile sheath and maintaining it in that position by a wooden applicator held lightly against the posterior base of the glans penis in such a way as to keep the glans perpendicular to the rat's ventral surface.
The following responses were recorded via toe-activated buttons onto an event recorder: erections (distension and elongation of the glans penis), cups ( (Purohit & Beckett, 1976; Hart, 1983) . Removal of the bulbocavernosus and levator ani muscles had no discernible effect on the gross appearance or measures of the male's copulatory behaviour, but more subtle effects cannot be ruled out (see Exp. 4 (Sachs & Barfield, 1976) . In some circumstances, however, the correspondence between the male's bodily actions and genital events may break down (Pollak & Sachs, 1976; O'Hanlon, Meisel & Sachs, 1981 In the copulation paint test the Group Ix males were similar to the Group Sx males in the number of intromission patterns displayed, but penile insertion occurred only in a small proportion (Table 3) (Pollak & Sachs, 1976) , as well as to the ex copula elongated (long) flips of spinal male rats (Hart, 1968) . These observations suggest that the ischiocavernosus muscles effect short flips ex copula, which are probably comparable in copula to the pre-insertion dorsiflexion of the glans. However, the ischiocavernosus muscles may not contribute to the full elongation of the glans during intromission or to elongated flips ex copula.
Although the probability of ejaculation was reduced by removal of the ischiocavernosus muscles, several of the males did ejaculate, indicating that these muscles are not necessary for ejaculation. The ejaculations often followed an unusually large number of (extravaginal) intromission patterns, but in the paint test 2 males ejaculated after 9 intromission patterns, and in each case only 3 of the patterns were revealed by paint to have been accompanied by insertion. The ability of these operated males to attain ejaculatory excitation with only rare intromission is noteworthy. Potential stimulation of the penis from the female's fur cannot be ruled out, although there was often no apparent contact between the glans and the female. Alternatively, ejaculatory excitation may have derived from mutual stimulation of the glans and the penile sheath. A potential role for such stimulation in accumulating ejaculatory potential was first inferred from the fact that circumcised rats have a higher number of intromissions before ejaculation than do normal rats (Lumia, Sachs & Meisel, 1979) .
In Exp. 1, males from which the ischiocavernosus muscles and the crurae had been removed displayed an undiminished number of penile cups ex copula. In contrast, the Group Ix males in Exp. 3, with intact crurae, displayed no cups at all. We cannot offer a confident explanation for this reduced potential for intense erection resulting from sparing of a major penile anchor and blood conduit.
Experiment 4
During the paint test in Exp. 2, it appeared that there might be a difference amongst males in the size of the ejaculatory plug, i.e. when the glandes were inspected for paint after the ejaculatory pattern, the seminal plug adhering to the glans of control males was generally smaller than that of the Group BLx males. Experiment 4 was conducted to test this impression empirically, and to determine whether this difference in plug size was associated with a difference in the males' potential for inducing pregnancy in females.
Materials and Methods
The animals were 6 males from Exp. 1 (Group BLx, bulbocavernosus and levator ani muscles removed), and 8 intact control males excluded from Exp. 1 because of inadequate performance in ex copula reflex tests. (Testing began approximately 2 months after Exp. 1.) Normal cyclic females were screened for oestrus by manual flank and perineal stimulation; those displaying signs of receptivity were placed in a test cage with the subject males. Females not displaying good lordosis when mounted by the males were replaced by other females, unless the male had displayed an intromission pattern, in which the case the male was retested on another day with another female.
If the female was adequately receptive, copulation was uninterrupted until the male displayed the ejaculatory pattern. Immediately after dismount and before any genital grooming occurred, the male was removed from the cage, and all coagulated seminal material adhering to the glans was removed with toothed forceps and weighed to the nearest mg on an electronic balance. The mated female was left undisturbed for at least 5 min and was then returned to her cage.
Each experimental male was tested 3 times and each control male once or twice. Due to failures of males or females to mate in given tests and due to extravaginal ejaculations detected when the female was inspected after 5 min, some test data could not be used. Experimental males contributed 1-3 datum points and control males 0-2.
Mated females were killed 20 days after copulation to count the fetuses, inspect the uteri for aborted fetuses, and grossly inspect the ovaries.
Results
The median weight of seminal material adhering to the glans of experimental males was almost 4 times heavier than that of control males, and there was little overlap between the groups (i(12) = 3-81, < 0-01; Text- fig. 1 ). Microscopic inspection of some of the plug material adhering to experimental males revealed normal motile spermatozoa. The mean (± s.e.m.) number of pre-ejaculatory intromission patterns displayed by experimental (8-08 ± 0-74) and control (7-50 ± 0-65) males did not differ significantly (t = 0-59 Adler, 1978) . The ejaculated plug also needs to be deposited firmly against the cervix to potentiate entry of spermatozoa into the uterus and to facilitate sperm transport (Blandau, 1945; Matthews & Adler, 1978) . The number of intromissions and the other copulatory measures of the experimental males were similar to those of controls, so that at least some of the females may have been made pseudopregnant. However, the larger plug retained by experimental males suggests that fewer spermatozoa may have been available within the uterus. The greater retention of the plug by experimental males is probably due to the inability of these males to form a penile cup (Exp. 1). This structure is believed to be necessary and sufficient for inducing pseudopregnancy in mice, but not in rats (McGill, 1977) . Some modification of this conclusion may be necessary. When the male rat ejaculates, the cup forms at or just before the time of maximum penile extension, and just before the plug leaves the urethral meatus (Pollak & Sachs, 1976) . The timing and configuration of the cup make it ideal for exposing the cervical lumina, pushing the plug firmly against, and partly through, the cervix, and leaving the plug in place there (Blandau, 1945; Pollak & Sachs, 1976; Matthews & Adler, 1978) . If the cup were unable to form, the glans would continue to grip the coagulated plug, withdrawing a larger portion of its proximal end from the vagina, and possibly dislodging its distal end from the cervix.
It is also likely that at least some of the females mated to experimental males did not become pseudopregnant, despite receiving enough intromissions to have induced the progestational state under normal conditions (Edmonds, Zoloth & Adler, 1972) . It had been reported (Pollak & Sachs, 1976 ) that during extravaginal intromission patterns the glans penis is fully extended but not distended, whereas during extravaginal ejaculation penile extension is accompanied by distension and formation of the cup. Re-examination of the videotapes analysed by Pollak & Sachs (1976) (Purohit & Beckett, 1976; Hart, 1983) . Such motor co-ordination implies a virtual synchronization of autonomie and somatic neural efferents.
Males lacking the ischiocavernosus or the bulbocavernosus and levator ani muscles were capable of ejaculating a seminal plug. Thus, none of these muscles is indispensable for ejaculation in rats, although they are likely to be active during ejaculation due to their functions in copulation, and they may have a contributory role in ejaculation just as they appear to in some other mammals (e.g. Purohit & Beckett, 1976) .
Males without their bulbocavernosus and levator ani muscles displayed copulatory behaviour that appeared normal (Exps 1, 2, and 4), but these males were severely impaired in their ability to impregnate females (Exp. 4). Their handicap did not result from an inability to ejaculate, but from a reduced capacity for erection, resulting in, presumably, less vaginal stimulation of the female and in suboptimal deposition of the seminal plug. Sexual potency and
